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Section 3. Specified characteristics at each examination (Exams 1 
through 7) according to whether a person entered as a 
sample or volunteer and when the sample person entered 
the study, and according to follow-up, by broad age 
groups (age at Exam 1) and sex. 


Table Number 


Mean values 


Alcohol, Number of Ounces per Month 32 db 
Blood Pressure 
Systolic BP, Admission 3- 2 
Diastolic BP, Admission 3- 3 
Systolic BP, First Examiner 3- 
Diastolic BP, First Examiner 3- 5 
Systolic BP, Second Examiner 86 
Diastolic BP, Second Examiner Z 3= 
Blood Sugar 3- 8 
Cholesterol, Serum 3- 9 
Cigarettes, Number Smoked per Day 3-10 
Framingham Relative Weight 3-11 
Hematocrit 3-12 
Hemoglobin 3-13 
Phospholipid Sas 
Uric Acid 3-15 
Vital Capacity Ba6 
Weight, in Pounds 3-L7 


Percent prevalence 


ECG: General Diagnosis 
Left Ventricular Hypertrophy 
Non-Specific T-Wave Abnormalities 
Smokers, Current 
Urinalysis: Albumin 
Sugar 
X-Ray: Generalized Cardiac Enlargement 
Heart Enlargement 
Left Ventricular Hypertrophy 
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Framingham Study 3-Notes 


The tables in this section are concerned with those characteristics 
which were measured on a succession of examinations. 

Tables in Section 3 are divided into two groups, those giving mean 
values for a series of continuous or essentially continuous variables 
and those giving the percentage of subjects having some characteristic. 

Data for any examination are for the persons specified who had the 
measurement made on the examination. Characteristics are given for the 
first seven examinations. 

The TOTAL COHORT is made up of SAMPLE persons and volunteer non- 
sample persons (SX). The SAMPLE persons are divided according to case 
number sequence (which is also the sequence in which they appeared for 
the first examination). 

At any examination the group defined as "HAD AN EVENT" are those 
persons measured at that examination who had CHD or developed it sub- 


sequently during the 14 year's follow-up. 
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Description of the 26 Characteristics Appearing in Tables 3-1 to 3-26 


1. Alcohol consumed by alcohol drinkers. 

The use of alcoholic beverages by the subject was recorded by 
the examining physician on the medical history farm at Exam 2, }, 
and 7. The information consisted of three items: 

A=average number of highballs or cocktails per 30-day month 
B=average number of 8-ounce glasses of beer per 30-day month 
C=average number of -ounce glasses of wine per 30-day month 

To compute the equivalent alcohol in ounces per month this 
formula was used: 

Aleohol = 1.00 A + 0.40 B + 0.67 C 

This was done only for subjects with details on all three items 
(A, B, and C) in the history form. 

2-(. Blood pressure. 

Systolic and diastolic readings in the left arm of the subject 
were taken with a mercurial sphygmomanometer and clip-on cuff. The 
recommendations of American and British Heart Associations were fol- 
lowed for reading the pressure (see Standardization of Blood Pres- 
sure Readings, American Heart Journal, July 1939, 18:95). Palpatory 
method was used to check auscultatory systolic reading. Measure- 
ment was expressed in millimeters of mercury on the scale of the 
manometer, but because the original protocol had not specified the 


accuracy of the measurement to be employed most readings were made 


Form 8/50 
139. STIMULANTS Exams 1 and 2 
yrse duration 
yrs. lapse 


ow ey ct 
Ver. eset: 


— 


N 
ae Tobacco E 


ee 
(1) Cigarettes {day (2) Cigers J day 
_ eS eee 


(4) other OZe/ Wke 


yrse duration 
yrs. lapse 


(3) Pipe oz./ day 


Now SP st 


be Alcohol Ever - + 


(1) Hiballs or cocktails: 


/ day days/ mo. < 


(2) Beer (g oz glass) none 


/ day days/ moe < 1/ moe ae 


(3) Wine (small glass) 


/ day nee 


none 


1/ moe 


none 


< 1/ mo~ 


3-Notes 


Form 9/52 


aS. Dp 3in Esch 
+ Tobacca (per day) z 


( 


Cigarettes Cigars Pipes 
Sar AIGoNo 
Highballs or cocktails {_] none 
day day s/mo. Ey < 1/MO~ 
Beer Lj None 
__day ___days/mo. [1] < 1/mo. 
Wine (_] None 


—___ day ____ days/mo. < 1/mo. 


Form 12/56 

5. SMOKING Exam 5 

- + a. Do you smoke? 

Cigarettes/day Cigars/day Pipes/day 
AGP a b. Have you changed your smoking 
habits in the past 2 yrs.? (_] Diminished* (_] Increased* Other 
—- + c. Was your weight affected? 
[_] Decreased [_] Increased Ibs. in mos. 
NOTES (required for all items with *): 
Form 7/60 
14, SMOKING Exam 7 
BU Sor you smoke now? Cigarettes/day Cigers/day Pipes/day 
Uses filtor type: No [_] oS (Ea) Inhales: No [_] Yes (_} 


Proportion of cigarette smoked: 3/4 or more [_] 1/2-3/4 (] Less than 1/2 [_ ] 
15. ALCOHOL INTAKE None [_] 
a. Highballs or cocktails Number —None (J; <1/mo. (-), Vaay Viaye7ne 
b. Beer (8-02. units) Numbers /Nones (wal ago) erode tal) /day /days/mo. 
c. Wine (4-oz. units) Number —None [_], <1/mo. [_], /day /days/mo. 


ea, 
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Pet 


Blood pressure. (continued) 

to the nearest even number, to the nearest multiple omilOn momo 
the nearest multiple of five depending upon the individual 
examiner. 

In 1951 a Committee of the American Heart Association recom- 
mended that diastolic blood pressure be recorded at the fifth 
Korotkoff phase instead of the fourth as had formerly been recom- 
mended. The protocol of the Framingham Heart Program was not 
explicit on this point and it is not clear what was the practice 
before 1951 or whether a change in recording was instituvedvaniver 
the appearance of the report. 

At the beginning of the Study two readings were taken on each 
subjects 1) admission blood pressure presumably taken by the nurse 
when the subject was seated with his left arm at heart level and 
2) final blood pressure taken by the examining physician after 
electrocardiographic tracing had been taken on the subject and 
before he sat up. 

Beginning in April 1950 three readings were taken on each sub- 
ject: 1) admission blood pressure taken by the nurse, 2) blood 
pressure taken by the examining physician at the start of his inter- 
view, and 3) blood pressure taken by a second examining physician. 
In coding blood pressure at Exam 1 for subjects through Record Num- 
ber 2938 the admission blood pressure is shown as reading taken by 
the first examiner and the final blood pressure is shown as reading 
by the second examiner, thus showing as unknown the reading taken by 


the nurse. 


Framingham Study 3-Notes 


10. 


Minor changes in procedure have occurred from one exam to the 
next. On Exam 4 the blood pressure taken by the nurse was not 
recorded. A second blood pressure reading by the same examining 
physician has been substituted for a reading by a second examiner. 
Blood sugar. 

The amount of glucose present inthe subject's whole blood 
(collected in a solution of potassium oxalate and sodium fluoride ), 
in milligrams per 100 milliliters, was determined using the method 
of Nelson. (References: Nelson, B., J. Biol. Chem. 153, 375, 1944; 
Sonor ieee Biol. Chem lOO, Ol, TOkS: Somogyi, M., di. Biol. 
Chem. 160, 69, 1945.) Blood sugar was measured on Exams 1, 2, 3, 
Pecideon bute not on Exams! 5 and ((- 

Serum cholesterol. 

At the beginning’ of the Study, the amount of cholesterol present 
iMimenemserumn On che subjects) blood, in miiiicrans per lOO milti-— 
liters, was determined by the colorimetric method of Sperry (Schoen- 
Hemmemeandoperiy =) di Biol Chem y 206), “(15 los Sperry. Am. od. 
Clin. Path. & Tech. Supplement 2, 91, 1938). On 12 December 1952, 
after the start of Exam 2, the method of Abell-Kendall was adopted 
(Abell, L.L., Levy, B.B., Brodie, B.B., and Kendall, F.E., J. Biol. 
Chem. 195, 357-3606, 1952). 

Number of cigarettes smoked per day by cigarette smokers. 

Details on the use of tobacco by the subject were recorded by 
the examining physician on the medical history form in use at Exam 1 
vo 7 anc, ( Un the initial stages of the Study several ditferent 


history forms were used in the course of the first Exam; a form 


Framingham Study 3-Notes: 


10. Number of cigarettes smoked per day by cigarette smokers. (continued) 


developed in August 1950 was used for part of Exam 1 and part of 
Exam 2; a form developed in September 1952 was used for part of 
Exam 2, all of Exam 3, and part of Exam 4. Coding the information 
on tobacco usage was not done by Exam for the first three Exams. 
Instead, the aim was to characterize the Study group at Exam 1 or 
Exam 2, so far as possible, on the basis of lifetime history using 
the Exam for which history form 8/50 was filled out because this 
form provided the most complete information available. Of the 5,209 
subjects in the Study group, 96 percent had information available 
on form 8/50. The source of the data shown for Exam 1 in the table 
of mean values is: 
Number History form used, in order of decreasing preference 
2,815 Form 8/50, Exam 1 
2,178 Form 8/50, Exam 2 
87 Form 9/52, Exam 2 
22 Form 11/49, Exam 1, Form 8/50 not available 
37. Form 3/49, Exam 1, Form 8/50 not available 
28 Form 9/52, Exam 3, first Exam tobacco history available 
9 Form 9/52, Exam 4, first Exam tobacco history available 
33 No tobacco data available 
5 CO9n SLOLAL 
The data shown for Exams 4, 5, and 7 in the table of mean values 
come from the medical histories taken by the examining physician at 


these Exams respectively. 
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balls 


Framingham relative weight. 

Relative weight at Exam is computed for each subject by forming 
the ratio of his actual weight in full pounds at that Exam to the 
median weight for his particular sex-height group at Exam 1. The 
ratio is calculated to two decimal places rounded and then multi- 
plied by 100 to show the relative weight as a percent rounded to the 
units place. The values for the median weight result from smoothing 
the series of median weights obtained for each height group in full 
inches at Exam 1, separately for men and women. The smoothed median 


weight, by sex and height, is: 


Height Weight (pounds 

(inches ) Men Women 
DD 126 
56 127 
Dl 128 
58 129 
a2) iLL 
60 136 LSS 
61 140 3D 
62 14) 137 
63 148 139 
64 152 14 
65 156 Thy 
66 160 147 
67 164 151 


68 168 15) 
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ake 


1. 


Se 


Framingham relative weight. (continued) 


Height Weight (pounds ) 
(inches ) Men Women 

69 2 

70 176 

es 180 

72 18) 

18 188 

T4 192 


Unknown values for relative weight occur at each Exam heen 
either the body weight was not measured at Exam or a median weight 
was not assigned to that subject. Some subjects had no measurement 
for height due to a.crippling condition and some subjects were 
either shorter or taller than the range of heights used in obtaining 
median weights. 

Hematocrit. 

The Hee reading is the percentage of the whole blood vol- 
ume occupied by the blood cells after oxalation and centrifugation. 
The subject's whole blood was collected in a 3204 Becton-Dickenson 
tube containing a balanced (ammonium and potassium) oxalate and was 
spun for 50 minuitesat 2500 rpmeain a isize-1 iii centraituges ) aus 
reading was obtained for the subject at Exams 4 to 7, not at Exams 
EOS: 

Hemoglobin. 
The amount of hemoglobin present in the subject's blood, in 


grams per 100 milliliters carried to one decimal THEN), Whels} PalaasHe 
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13. Hemoglobin. (continued) 
determined from using the reagent N/1O hydrochloric acid and reading 
the result from the scale on the measuring tube of a Hellige Hemo- 
meter. hater the procedure was changed to using the reagent 0.1 
percent solution of sodium carbonate and reading the result in the 
Coleman Universal Spectrophotometer with the wavelength set at 540 
millimicrons. Hemoglobin was measured on the first six Exams, but 
not on the seventh. 

14. Phospholipid. 

The amount of phospholipid present in the serum of the subject's 
plood, in miiiiisrams per 100 miliaiiters, was Dirst determined using 
the technique of Schmidt, Benotti, Hershman, Thannhauser (J. Biol. 
Chem. 166, 5105) 5 1946). Later the determination was based on the 
method of Youngberg, G.E., and Youngberg, M.V. (J. Lab. and Clin. 
Med. 16: 158-166, 1930) with colorimetric determinations of Fiske, 
C.H., and Subbarow, Y. (J. Biol. Chem. 66: 375-400, 1925). Phos- 
pholipid was measured on Exams 1, 2, 3, 4, and 7, but not on Exams 
5 and 6. 

WS 5 | Wachie Bie@aifel 

The amount of uric acid present in the serum of the subject's 
blood, in milligrams per 100 milliliters, was determined using the 
method of Folin. (References: Folin, 0., J. Biol. Chem. 101, 111, 
1933; Jacobsen, Annals’ of int. Med. 11, L277, 1937-38). Uric acid 
was measured on the first four Exams only 

16. Vital capacity. 


A nurse or technician instructed the subject to take the 
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Vital capacity. (continued) 
deepest breath possible and exhale to the fullest extent into a 
tube of a water-sealed spirometer (Collins Vitalometer). Three 
trials were made for each subject; the highest reading was recorded. 
This measurement of vital capacity was read to the next lower 0.1 
liter on the scale of the spirometer. No adjustment was made for 
the possible variation in room temperature. 
Weight. 

With the subject wearing an examination gown, after removing 
shoes and street dress, body weight was measured to the next lower 
quarter-pound on clinical beam scales. (Men wore their trousers. ) 


The weight shown in the table is in full pounds for a subject. 


18, 19, 20. Electrocardiogram 


Electrocardiograms were made at each Exam with a Sanborn 
Bisocardiette. The subject was in the recumbent position. Thirteen 
leads were used, three standard, three. augmented unipolar limb 
leads, and seven precordial leads of Wilson. See description of 
technique, pages 33 to 44, Katz, Electrocardiography, Lea and 
Febiger, Philadelphia, 1947. 

All abnormal and questionably abnormal electrocardiographic 
tracings were reviewed by an electrocardiology consultant, along with 
a sampling of normal tracings. Basically the criteria for definite 
and strongly suggestive evidence of myocardial disease were those 
listed on pages 194 and 195 of Burch and Winsor, Primer jot bileetro= 
cardiography, Ed. 1, Lea and Febiger, Philadelphia, 1945. A com- 


--= - 


plete detailing of all the ramifications of ECG interpretation 


Framingham Study 3-Notes 


18, 19, 20. Electrocardiogram. (continued) 
employed would necessitate writing a standard textbook of electro- 
cardiography. In brief, some of the minimal diagnostic criteria 
employed for the more common ECG abnormalities were as follows: 

Ventricular hypertrophy. This consisted of a tracing exhibi- 
ting a slight prolongation of “ventricular activation time" (at 
least 0.05 second on the left and 0.03 second on the right) asso- 
ciated with an increased R-wave potential, depressed S-T segments 
and flattened to inverted T waves reflecting potentials from right 
(RVH) or left (LVH) precordial leads. 

A category of possible ventricular hypertrophy was designated 
when tracings exhibited characteristics similar to those above 
except in less striking degree or when not all were present. 
Increase in R-wave potential without associated S-T and T-wave 
abnormality was included in this category. 

Non-specific abnormality. This was designated when in the pre- 
sence of a prominent R wave S-T segment depression (exceeding one 
millimeter below the base line) and/or primary T-wave inversion or 
flattening--representing an abnormal ventricular gradient--was noted. 
This diagnosis was not made if a more specific explanation could be 
made for these changes or if the changes occurred in those leads 
where tney are acceptable. 

_Atrioventricular conduction disturbance. First degree AV block 
was considered to exist when the P-R interval exceeded 0.20 second 


with ventricular rates over 72 per ninute. 
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18, 19, 20. Electrocardiogram. (continued) 

Second degree AV block was designated when progressive pro- 
longation of the P-R interval in a succession of beats was noted 
followed by occasional dropped beats or block atrial beats not fol- 
lowed by a QRS complex were present. 

Complete AV dissociation was considered present when there was 
no discernible relation between the beating of the atria (P waves) 
and ventricles (QRS), the ventricular rate was slow and regular in 
association with a more rapid atrial rate. 

Ventricular conduction defect. A conduction defect was said to 
exist when the QRS duration was prolonged beyond 0.10 second. MIncom- 
plete bundle branch block was diagnosed when the QRS was at least 0.10 
but not greater than 0.11. When the QRS duration was 0.11 or 0.12 the 
defect was labeled questionable block and further characterized as 
right, left or indeterminate using standard pattern criteria described 
below under complete bundle branch block. Block was designated com- 
plete only when the QRS duration exceeded 0.12 second in the standard 
leads. The type, left, right or indeterminate bundle branch block, 
was determined by comparing the "ventricular activation time" (inter- 
val between the onset of QRS and onset of "intrinsicoid deflection") 
in the right and left precordial leads. 

Complete right bundle branch block was diagnosed when QRS dura- 
tion exceeded 0.12 second and an R-R' was noted in any one or more 
right precordial leads, with a delayed peak of R' wave (= ©2038 second) 
after onset of QRS, accompanied by broad S waves in left precordial 


leads and a corresponding broad S wave in Lead I. 
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18, 19, 20. Electrocardiogram. (continued) 

Complete left bundle branch block was diagnosed when the QRS 
interval exceeded 0.12 second and tall slurred R waves were observed 
along with absent Q waves in any of the Vetus prReconducialicads 
and a reciprocal deep 5S wave or QS in the right precordial leads. 
The peak of the notched R'wave occurred at greater than 0.06 second 
afiter the onset of the QRS in one or more left precordial leads. 

Indeterminate block was designated when the QRS was prolonged 
beyond 0.12 second and the characteristic changes indicative of 
Gather right or left bundle branch block were absent. 

Atrial fibrillation was recognized by the absence of P waves 
associated with a grossly irregular ventricular response (constantly 
changing R-R intervals). 

Atrial flutter was noted when regularly occurring undulatory 
"flutter waves" at a rate below 350 per minute but greater than 250 
were noted, usually accompanied by some degree of AV block varying 
or not. QRS complexes were usually regularly spaced and not 
constantly changing. 

Myocardial infarction. On independent reading of a single 
tracing myocardial infarction was diagnosed only in the presence of 
"pathological" Q waves of 0.04 second or greater duration either in 
the precordial leads reflecting the left ventricle or in the limb 
leads reflecting the diaphragmatic surface of the heart (II, III, 
and AVF). QRS complexes of 0.03 second were accepted whem more 
than one-fourth the size of the succeeding R wave and accompanied 


by persistent S-T segment elevation, or late inversion of T waves in 
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18, 19, 20. Electrocardiogram. (continued) 
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more than one lead, with reciprocal changes over the opposite side 
of the precordium. Serial ECG changes of lesser degree were 
accepted for diagnosis of myocardial infarction if the antecedent 
ECG showed no evidence of their presence. Thus the appearance of 
small Q waves in two or more leads (II,ITI, and AVF or V2-6) in 
association with S-T and T-wave abnormality was accepted when no 
such abnormalities were present on prior ECGs and no other explana- 
tion was found. Serial ECG changes of evolving myocardial infarction 
in hospital records with S-T segment elevation followed by late 
inversion of T waves and the appearance of new Q waves were accepted 
as diagnostic even if the clinic ECG on subsequent clinic visit was 
no longer diagnostic. 
Smoking now. 

See description of characteristic number 10. 
Urine albumin. 

Procedure for testing for the presence of albumin in subject's 
freshly voided urine was as follows. 

To 10 ce of urine in test tube add 2 cc reagent (Quantitest 
reagents: beta naphthalene sulphonic acid and glacial acetic acid). 
Allow to stand. Result is read in milligrams of albumin per 100 
milliliters by comparing turbidity with standards in lighted rack. 
In coding the result of the turbidity comparison, definite urinc 
albumin is 20 mgm% or higher; trace uring albumin is 10 mgm%. 


This measurement, though made, was not coded for Exam }. 
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Poe) Urine sugar. 

Procedure for testing for the presence of glucose in subject's 
freshly voided urine was as follows. 

To five drops of urine in test tube add 10 drops of water and 
one Clinitest tablet. Allow to stand at least 15 seconds after 
boiling has ceased. Compare color to chart provided with tablets. 
Read as negative 1+, 2+, 3+, or JH. 

im coding the result of the color comparison, definite urine 
sugar is 2+, 3+, or 44+; trace urine sugar is l+. 

24, 25, 26. X-ray reading. 

Roentgenograms were taken at each Exam with a Westinghouse 
Autoflex 300-milliampere X-ray unit with a Machlett superdynamax 
tube. The subject was positioned erect in max-respiration phase 
with full anterior chest against film cassette. The X-ray tube was 
placed at level of seventh thoracic vertebra, a distance of two 
meters from anode to film. The film size was 14X17 inches. Begin- 
ning in Exam 4 the machine was actuated by a device attached to the 
subject through electrodes applied to left and right axillary margin 
at level of the seventh rib, to procure film at the moment of full 
diastole. (Peak of R wave plus 0.008 second to termination of expo- 
sure insured the shadow of the cardiac silhouette in full diastole. ) 
The trans-thoracic Lead I electrocardiographic tracing showing point 
of X-ray exposure was printed at the base of the exposed X-ray film 
before development. 

All films were interpreted by a roentgenology consultant who 


did not have access to clinical data on the subject before viewing 
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2h, 25, 26. X-ray reading. (continued) 
his films. Beginning in carly 1952 one consultant, Dr. Lloyd E- 
Hawes, has viewed all films taken at the Framingham Heart Clinic 
and made the X-ray interpretations. 

The diagaosis of lett ventricular hypertrophy signified that 
this chamber was enlarged as shown by an extension of the left apex 
of the heart towards the left, an elevation of the apex, and a 
squaring of the apex. The transverse diameter of the heart was 
usually more than half the transverse width of the chest. However, 
in a subject with a large chest the square prominent shape of the 
left apex of the heart may have signified left ventricular hyper- 
trophy even with transverse diameter of the heart less than half the 
width of the chest. The diagnosis of left ventricular hypertrophy 
could be made with normal measurement of the transverse diameter of 
the heart. 

The diagnosis of generalized cardiac enlargement was made for 
an enlarged heart when the heart shadow was also rounded and expanded 
both to the right and to the left, giving an appearance not that of 
left ventricular hypertrophy alone but either a dilatation of all 
chambers or a dilatation of the atria and right ventricle as in mitral 
heart disease. 

A diagnosis of generalized cardiac enlargement and left ventri- 
cular hypertrophy was possible. The heart was overall rounded and 
enlarged, but the apex did project further out and was square and 


prominent. 
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24, 25, 26. X-ray reading. (continued) 
In the table for heart enlargement, a subject with heart 
enlargement had either generalized cardiac enlargement or left 


ventricular hypertrophy or both. 
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